Eight psoralens have been evaluated for their ability to inhibit the in vitro growth of three human tumor cell lines representing different tumor types, MCF-7 (breast cancer), NCI-H460 (non-small cell lung cancer) and SF-268 (CNS cancer). The synthesis of four new psoralens (benzofurocoumarins) is presented as well as the results of the ab initio calculations to find the parameters that relate the structure with the antitumor activity. This work provides supplementary information that could allow the development of new psoralen analogues with this type of biological activity.
Introduction
Psoralens have been known for a long time as photosensitizers for PUVA (psoralen and UVA therapy) [1] . A number of researchers became interested on studying the synthesis and biological properties of psoralen derivatives, including benzopsoralens [1, 2] . The introduction of a benzene ring fused to the furan, or the addition of bulky or electron withdrawing substituents into the pyrone ring were suggested as potential ways of inhibiting adduct formation with DNA [3] . The possibility of formation of diadducts is suggested as being responsible for unwanted side effects [1, 4] The introduction of an ester group into a benzopsoralen can provide derivatives, which are efficient photosensitisers of singlet oxygen [2] . The presence of one or more methyl groups in psoralen analogues of the angelicin type, increases their photobinding ability to DNA [4] . Psoralen derivatives are also active in vitro against human melanoma cell line [5] .
evaluated. The growth inhibitory effects expressed as the concentration causing 50% of cell growth inhibition (GI 50 ) are shown in Table 1 .
Only compounds 1, 4 and 8 exhibited, after a continuous exposure during a 48 h period, a dose-dependent growth inhibitory effect. Compound 1 was the most potent presenting GI 50 values ≤20 µM and inhibiting the growth of the three cell lines with the same potency. Compound 4 exhibited significant activity against MCF-7 and NCI-H460 but was less effective on the growth of SF-268. This different cell line response can reflect a possible tumor type-specific sensitivity of this compound. Compound 8 caused only a weak inhibition (>50 µM) on the growth of the three cell lines.
Molecular modeling
All psoralen-derived compounds were studied using the ab initio calculations.
This was performed by the definition of the optimised geometries and further calculation of the three-dimensional electrostatic potential isosurfaces (3D-EPI) and molecular electrostatic potential superimposed onto total electron density ((MEP-STED) (Figure 1 ). The three-dimensional MEP maps superimposed onto total electron density account for the interpretation of short-range interactions between molecules. At each point of the map, the electrostatic potential expresses the value of the electrostatic energy of interaction with a unitary positive charge. The three-dimensional MEP isosurfaces can account for the interpretation of long-range interactions with the receptor. This knowledge might allow the determination of an electrostatic pattern for the compounds that present the same activity. These isosurfaces have been determined at values of -10 and 10 kcal/mol (structural representations can be viewed in Schemes 1 -3).
For all compounds the MEP superimposed on the electron density shows that a negative potential is located over the oxygen atoms and a null to positive potential is located in the remaining parts of the structure. In the furan oxygen area the electrostatic profile is similar for all compounds. Through the three-dimensional MEP isosurfaces, it can be observed that all compounds present a negative potential located over the benzofuran possesses a similar active region to compound 1, but shows an increase in the electronic density due to the vicinity of an oxygen atom from the coumarin moiety, which could explain the difference in the activity results. Although the similar global conformation of molecules 1 and 4, the position of the ester groups is inverted, changing the pattern of the electronic densities in both molecules. The lack of activity of compounds 5 and 6, which present a similar distribution of electrostatic potential, seems to be related with the presence of the cyano and methyl groups. For these compounds, the interactions with the bioreceptor are impaired by steric (conformational distortion and increase of the molecular volume in one of the points of interaction) and electronic density factors, caused by the cyano and methyl substituents mainly on the ester group. Besides conformational distortion and increase of the molecular volume in both compounds, the presence of the cyano group in compound 5 increases substantially the electronic density near the carbonyl from the ester group, whereas the presence of a methyl group in compound 6 reduces it substantially.
The other compounds do not have the minimal structural conformation to interact with the bioreceptor. Compounds 2, 3 and 7 are inactive and present an electrostatic contour that differs from the active analogues, due to a different orientation of the entire coumarin moiety. Although compound 8 presents similar structural features to compounds 3 and 7, it exhibits some degree of activity, which can be associated with the nitro group originating a point of very intense negative potential.
Based on the analysis of the 3D-EPI/MEP-STED for compounds 1, 4, 5 and 6, we propose a model for the interactions between the bioactive and the bioreceptor, shown in Figure. 2, involving at least four specific interactions, being three polar and one apolar, involving the ethyl group.
Conclusions
The successful synthesis of four new benzofurocoumarin is described. The use of the phenyl dichlorophosphate as activating reagent for the final cyclisation giving 6-8 may have been determinant since the ketonic starting materials were not, in principle, very reactive.
Eight compounds were tested and two of them showed significant activity on the in vitro tests on inhibition of the growth of three human tumor cell lines, suggesting that compounds with similar distribution of electronic density and molecular conformation will be also active for this purpose.
The understanding of the correlation of the activity of the compounds described with their molecular properties can help defining future target compounds with increased biological activity.
Experimental

Synthesis
Light petroleum refers to solvent boiling in the range 40 -60 ºC. Column chromatography (CC) was performed on Merck silica gel 60 (70-230 mesh). Melting points were determined on a Gallenkamp apparatus and are uncorrected. Ultraviolet spectra were recorded in ethanol on a SHIMADZU UV-2501 PC and data are presented in λ max (nm), ( 
Ethyl 1-methyl-2-oxo-2H-benzofuro[2,3-g]-1-benzopyran-3-carboxylate (7)
A mixture of 2-hydroxydibenzofuran-3-yl methyl ketone (0.120 g, 0.531 mmol), 
4-methyl-3-(4'-nitrophenyl)-benzofuro[2,3-g]benzopyranone (8)
To compound and for each cell line a dose-response curve was generated and the growth inhibition of 50 % (GI 50 ) was calculated as described [11] .
Tumor cell growth assay
Computational procedure
All calculations were performed with Gamess 6.3 [12] . 
